Objective: To compare self-reported with objectively recorded participation in Faecal Occult Blood testing (FOBt) colorectal cancer (CRC) screening in a national programme. Methods: Survey respondents living in England who were eligible for screening were asked in face-to-face interviews if they had ever been invited to do a CRC screening test, how many times they had been invited, and how many times they had participated. National Health Service (NHS) Bowel Cancer Screening Programme (BCSP) records were consulted for respondents who had consented to a record check. The outcome measures were 'ever uptake' (responded to 51 invitation), 'repeat uptake' (responded to 52 invitations), and 'consistent uptake' (responded to all invitations). Results: In the verified group, self-reported ever uptake was highly consistent with recorded ever uptake (87.0% vs. 87.8%). Among those who indicated that they had been invited more than once, self-reported repeat uptake was 89.8% compared with 84.8% recorded repeat uptake. Among those with more than one recorded invitation, self-reported repeat uptake was 72.7% compared with 77.2% recorded repeat uptake, and self-reported consistent uptake was 81.6% compared with 65.6% recorded consistent uptake. Conclusion: Our results suggest that people can accurately report whether they have ever taken part in CRC screening. The vast majority of those whose records were verified could also accurately report whether they had taken part in screening at least twice. They were somewhat less accurate in reporting whether they had responded to all screening invitations.
Introduction
Self-reported measures are commonly used in health research. Objective behavioural measures are often difficult to obtain either because observation is not possible or due to limited accessibility of medical records for research purposes. Balancing research requirements with healthcare objectives can be challenging. There is evidence that using research questionnaires within the context of a national screening programme reduces Faecal Occult Blood test (FOBt) screening uptake. 1 Concern exists about 'over-reporting' of health behaviours, particularly in studies of screening participation. Self-reported colorectal cancer (CRC) screening uptake tends to be higher than objectively recorded uptake for all CRC screening modalities, and especially for FOBt screening. 2, 3 Although over-reporting of CRC screening is welldocumented, the phenomenon is not well-understood. A recent study showed that social desirability, a common explanation for false survey responses, was not associated with accuracy of self-reported CRC screening. 4 The existing literature has limited applicability to organized, national screening programmes; 87% of available studies comparing self-reported with objectively recorded CRC screening uptake were conducted in United States, where screening is often self-initiated, recommendations include several different tests, 2, 5 and there are no standardized audit processes for screening records. 2 Variation in the quality of medical records may contribute to discrepancies between self-reported and recorded screening participation. Elsewhere, population-based programmes are recommended by institutions (eg. the European Union) and are therefore becoming increasingly common. 6 Previous findings, therefore, may not generalize to countries with national screening programmes, a single screening modality, and centralized medical record databases. Previous studies have also focused on whether people can recall 'ever' participating in screening, or accurately report the timing of their most recent screen (ie. whether they are 'up to date'). 2, 3, 7 These questions, while important, do not capture all relevant aspects of adherence. Repeated, consistent participation is important for FOBt screening, due to low test sensitivity. 8, 9 One complicating factor in self-reports of repeat uptake and repeated consistent uptake is recall of multiple screening episodes. Inaccurate self-report could be the result of failing to correctly report the number of episodes or participation in these episodes. Accuracy of self-reported repeat uptake and repeated consistent uptake should therefore also be assessed.
We compared self-reported with recorded CRC screening participation among survey respondents in England, who had consented to having their screening records retrieved. We aimed to compare self-reported with recorded ever, repeat, and consistent uptake in an organized, national screening programme.
Methods
CRC screening in England is organized by the National Health Service (NHS) Bowel Cancer Screening Programme (BCSP). All men and women aged 60-70 (recently extended to 74) are mailed a free guaiac FOBt kit, with a freepost return envelope, every two years. Around 4-6% 10 are requested to complete more than one test within any one screening round, mostly due to a weak positive test result.
A population-based survey conducted in Great Britain between January and March 2014 (TNS Research International) used 2011 Census small-area statistics and the Postcode Address File (stratified by social grade and Government Office Region) for random location sampling selection, setting quotas at each location for age, gender, children in the home, and working status. Interviewers visited each address and invited householders to participate in face-to-face interviews using computer-assisted personal interviewing. Respondents aged 58-70, resident in England, with no history of CRC, were included in the cancer screening survey (n ¼ 1568) (see Figure 1) . Respondents aged 58-59 (n ¼ 187) were excluded from our study because they were not eligible for NHS BCSP FOBt screening at the time of the interview. Cases with missing values for self-reported screening uptake (ie. 'refused' or 'don't know'; n ¼ 72) were also excluded, producing a final sample of 1,309. At the end of the survey, respondents were invited to consent to their screening records being accessed to verify their past and future screening participation (see Appendix). They could give the consent form to the interviewer, or return it by post. Of 1,309 survey respondents, 529 consented to the record check, and for 516 of these (the 'verified group', 39.4% of the total sample) screening records were retrieved. Non-retrieval of records was mostly due to illegible handwriting or incorrect birth dates (a few respondents gave the date of the survey). The verified group was compared with the 793 respondents for whom records were not retrieved (the 'unverified group', 60.6% of the sample). Ethical approval for this study was obtained from the NHS (REC 13/NW/0707).
A dichotomous variable was created to indicate whether respondents were in the unverified group [0] or the verified group [1] .
Respondents were asked if they had ever been invited to do the stool test for the NHS Bowel Cancer Screening Programme. They were told that it was also known as the Faecal Occult Blood Test and that it would have arrived by post. If their answer was affirmative, further questions were asked to determine the number of times they had been invited and the number of times they had participated. An overview of uptake definitions is provided in Table 1 . 'Self-reported ever uptake' was a dichotomous variable with the categories 'never uptake' (never completed a screening test kit OR never invited) and 'ever uptake' (completed 5 1 test kit).
Two possible denominators for self-reported repeat uptake were used. Respondents who self-reported having been invited to participate more than once were divided into two categories: 'no repeat uptake' (completed no or one test kit) and 'repeat uptake' (completed 5 2 test kits) -we call this measure 'self-reported repeat uptake I'. This first denominator is the one that would be used in studies using survey data only, and allowed us to explore the accuracy of these survey responses. Among respondents in the verified group who had more than one recorded invitation, we examined 'self-reported repeat uptake II' (using the categories described above) and 'self-reported consistent uptake'. Categories for self-reported consistent uptake were: 'never or inconsistent uptake' (number of completed test kits < number of test kits received) and 'consistent uptake' (number of completed test kits ¼ number of test kits received). This second denominator was only available for respondents in the verified group, but did not rely on respondents accurately recalling the number of screening invitations they had received. It allowed us to explore the extent of under-and overreporting of repeat participation among those who had been invited twice, irrespective of whether they could recall the invitations.
Similar to self-reported uptake, a 'recorded ever uptake' variable, a 'recorded repeat uptake' variable with recorded repeat invitation as a denominator, and 'recorded consistent uptake' were generated for respondents in the verified group. For screening verification, ID numbers, names, postcodes and dates of birth were sent in July 2014 to the NHS BCSP, who returned ID numbers, the number of times each individual had been invited for screening, and whether they had responded to each screening invitation.
Sociodemographic variables age, sex, marital status (married vs. widowed, divorced or separated vs. single), ethnicity (white/ non-white), and social grade were recorded. Social grade was measured using the National Readership Survey social grade classification system, which is based on occupation (or previous occupation if Sample characteristics of the verified and unverified groups were compared. Logistic regression analysis was used to examine bivariate and multivariable associations between record verification (outcome variable) and sociodemographics and self-reported uptake (explanatory variables). Self-reported uptake rates were described for the total sample, the unverified group, and the verified group. Recorded uptake rates for the verified group were also presented. For the verified group, self-reported uptake and recorded uptake were compared. Concordance between self-reported and recorded uptake, kappa statistics, and McNemar's chi-square statistics are reported alongside the proportion of 'accurate reporters' (self-report equals recorded uptake), 'under-reporters' (self-reported uptake is lower than recorded uptake) and 'over-reporters' (self-reported uptake is higher than recorded uptake). All analyses used pairwise deletion and were conducted using Stata Version 13SE.
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Results Table 2 shows the sample characteristics for the included respondents. The distribution of social grade was slightly skewed, with an overrepresentation of more deprived groups (5.1% in highest grade v 22.5% in lowest). In line with the lower prevalence of ethnic minorities among older age groups in the national population of England, 12 only 4.1% of respondents were non-white. Of the total sample, 39% were in the verified group. Table 3 shows that the odds of being in the verified group decreased with lower social grade (p < .001), and being non-white was also associated with lower odds of being in the verified group than being white (p < .01). There were no statistically significant differences in age, gender or marital status in record verification. Those who self-reported 'ever' having taken part were also more likely to be in the verified group (p < .001; Table 3 ). This translated to 87.0% self-reported ever uptake in the verified group compared with 57.9% for those in the unverified group (Table 4 ). Multivariable analysis showed that being in the verified group was independently associated with higher social grade, white ethnicity, and self-reported 'ever' participation in FOBt screening (Table 2) .
Self-reported ever uptake was 87.0% compared with a recorded uptake of 87.8% (Table 3) , corresponding to 94.2% agreement and a kappa of 0.74 (Table 4) . Agreement between self-reported and recorded uptake was therefore 'substantial' for ever uptake. 13 Slightly higher recorded uptake would be expected even if self-reported uptake was completely accurate, due to the timing of the record check (See Discussion). As also illustrated in Figure 2 , Table 5 shows that the percentage of under-reporters (3.3%) and over-reporters (2.5%) for ever uptake were relatively small, and similar in size ( 2 ¼ 0.53, non significant).
Among those who self-reported having received at least two screening test kits (repeat uptake I), self-reported repeat uptake was 89.8% compared with a recorded repeat uptake of 84.8% (Table 4) . This corresponded to 93.8% agreement and a kappa of 0.72 (Table 5) , indicating a 'moderate' to 'substantial' level of agreement. 13 However, the percentage of over-reporters (5.6%) was larger than that for under-reporters (0.6%), suggesting a degree of over-reporting of repeat uptake among those who self-reported having received at least two kits ( 2 ¼ 13.76, p < .001; Table 5 - Figure 2 ). Among those who had at least two recorded screening invitations (repeat uptake II), self-reported repeat uptake (72.7%) was lower than recorded uptake (77.2%; Table 4 ), corresponding to 80.9% agreement and a kappa of 0.49 (Table 5) , suggesting a 'fair' to 'moderate' level of agreement. 13 In contrast to repeat uptake based on self-reported repeat invitation, the proportion of under-reporters (11.8%) was larger than the proportion of over-reporters for those who had at least two recorded invitations (7.3%; 2 ¼ 4.65, p < .05; Table 5 - Figure 2 ). Among under-reporters, 51 out of 53 (96%) had reported receiving and completing only one test kit (not shown in table) . This suggests that under-reporting was a result of underestimating the number of screening invitations received, not incorrect reporting of non-response to an invitation received. Within the group of respondents who had at least two recorded invitations, self-reported consistent uptake (defined as having responded to all invitations irrespective of the number of invitations) was 81.6% compared with 65.6% recorded consistent uptake (Table 4) . This corresponded to 76.9% agreement and a kappa of 0.43, indicating a 'fair' to 'moderate' level of agreement. 13 The proportion of over-reporters (19.5%) was larger than the proportion of under-reporters (3.6%), indicating a significant degree of over-reporting ( 2 ¼ 49.85, p < .001; Table 5 - Figure 2) . 
Discussion
This study compared self-reported and objectively recorded CRC screening uptake in the context of the national screening programme in England. Self-reported ever uptake corresponded very well with recorded ever uptake among survey respondents for whom screening records were verified, suggesting that survey respondents are able to reliably report ever uptake, but underreporting of the number of received invitations and over-reporting of consistent participation was also demonstrated. Under-reporting of the number of received invitations (and by implication, under-reporting of repeat uptake) was mainly due to respondents reporting having been invited and taken part once, despite having been invited and taken part at least twice. Self-reported repeat uptake was much more accurate among verified respondents who accurately reported having been invited at least twice, and over reporting was small in this group. Over-reporting of consistent participation was more substantial, suggesting that the likelihood of failing to report one or more missed screening episode(s) increases with the number of invitations. A majority were able to report accurately whether they had participated in screening at least twice, and whether they had responded to every screening invitation received. This suggests that self-reported measures of ever uptake (''have you ever done the stool test?''), repeat uptake (''have you done the stool test at least twice?''), and consistent uptake (''have you done the stool test every time?'') can be useful when assessing CRC screening uptake. Reliable self-report measures are important because medical records are difficult to access outside healthcare settings, as demonstrated by the fact that only 39% of participants in this study consented to the record check and had their records subsequently verified.
Self-reported uptake and recorded uptake could only be compared for survey respondents in the verified group, who had a higher occupational social grade, were more likely to be white, and were more likely to report ever having taken part in screening than those in the unverified group. Because lack of consent was the main reason for records not being available, the sample for whom we could compare self-reported and recorded uptake was not representative of the population. The requirement for written consent may have deterred respondents with low literacy, or whose first language was not English. This may explain why higher social grade and white ethnicity were associated with increased odds of being in the verified group. Previous research 4 and the lower self-reported uptake rates among unverified respondents suggest that social desirability is unlikely to have been the reason for refusing consent. Another limitation of the present study was the small number of ethnic minority individuals in the verified group. Although consistent with the low prevalence of ethnic minorities in older age groups in England 14 , this prevented further examination of possible ethnic differences in reporting of uptake.
The study results should be interpreted in the light of a small, but expected mismatch between self-reported and recorded uptake, even if self-report were perfectly accurate. The NHS BCSP system does not record uptake status until 12 weeks after an invitation is sent, but the time elapsed between the survey data collection and the record check was three to six months. A small number of respondents could therefore have completed the screening test after they took part in the survey, implying that recorded uptake should be slightly higher than self-reported uptake if self-reported uptake is accurate. Furthermore, the survey measures used in the present study asked about the number of screening kits received and completed, while the NHS BCSP data record the number of screening invitation rounds an individual has completed adequately. As a small minority (4-6%) of screening participants are requested to complete more than one test kit within a single invitation round 10 , any comparison of self-reported uptake and recorded uptake that relies on the number of test kits being equal to the number of screening rounds should show a small discrepancy, even if self-report is accurate. An individual may accurately report having completed two kits, while the screening records will only show the adequate completion of that screening round. This does not mean that self-report measures of FOBt screening cannot be clinically meaningful. To reap the full benefits of FOBt screening, participants should screen repeatedly, ideally every time they are invited for screening. In the present study, the majority of verified respondents could accurately report whether they had taken part more than once and (with slightly less accuracy) whether they had ever failed to respond to a screening invitation. This should be sufficient to relate self-report measures to meaningful clinical outcomes, without having to rely on medical records for the precise number of test kits or screening rounds completed.
Our research suggests that 'ever' screening participation can be a very reliable behavioural outcome for studies that use self-reported screening uptake, and that most survey respondents can accurately report whether they have taken part more than once, and whether they have taken part consistently. These study findings may have implications for measurement of breast and cervical screening participation, which also require repeated screening with long intervals between screening episodes.
